Abstract: Background: Mortality rates for acute coronary syndrome (ACS) patients are still very high all over the world. Our study aimed to investigate the impact of ACS treatment on cardiovascular (CV) mortality eight years following ACS. Methods: A retrospective cohort study with a total of 613 patients was used. The data was collected from databases and medical records. An evidence-based treatment (EBT) algorithm was used based on the ESC guidelines. Logistic regression analysis and standardized odds ratios with 95% confidence interval (CI) were used for the risk assessment, with a p level < 0.05 considered as significant. Results: The median follow-up time in this study was 7.6 years. During follow-up 48.9% of the patients (n = 300) died from CV and 207 (69%) for a relevant reason. For monotherapy ACE inhibitors and β-blockers, and for fixed dose combined drugs ACE inhibitors and diuretics, were most frequently used. EBT was provided to 37.8% of patients. The EBT use (HR 0.541, CI 0.394-0.742, p < 0.001) during follow-up period was important for reducing CV mortality in ACS patients. Conclusions: The combined use of EBT significantly improved outcomes. The recurrent myocardial infarction and percutaneous coronary intervention patients were more frequent in EBT and it was beneficial for reducing CV mortality.
Introduction
Acute coronary syndrome (ACS) is the most frequent cause of the death in all cardiovascular diseases [1] . It is argued that despite readily available and highly effective treatment the mortality rates in ACS patients are still very high [2, 3] . The ACS treatment guidelines have recommended that drugs for primary and secondary prevention should consist of angiotensin converting enzyme (ACE) inhibitors or angiotensin II receptors blockers (ARBs) if ACE inhibitors are not tolerated, β-blockers (BB), statins and antiaggregants (low dose aspirin or clopidogrel) [1, 2, 4] . The efficiency of these drugs was confirmed in large randomized clinical trials and meta-analyses. Despite available treatment and treatment recommendations ACS patients still have a high CV mortality rate, as 20% of men and 26% of women die within in 1 year [5, 6] . The aim of our study is to evaluate the impact of ACS patients' treatment, used for eight years follow-up from a first ACS episode, on cardiovascular (CV) mortality.
Materials and Methods
Study setting and population. A retrospective cohort study with a total of 613 patients after their first ACS episode (ST-elevated myocardial infarction (MI), non-ST-elevated MI and unstable angina) following from 2005 to 2013. Patients were involved at the Clinic of Cardiology, Hospital of Lithuanian University of Health Sciences. The ACS diagnosis was based on the ESC recommended new third universal definition of MI [7] .
Data sources and data collection. The data received from the Hospital Medical Records Database and State Health Agencies as National Death Causes Registry and the "Sveidra" National Sickness Fund Database.
Assessment of end-points. By the use of unique Citizens' ID numbers, confirmed by the birth date and gender, all the needed end-points have been collected from all databases. Patients' death was a primary end-point. The death causes have been determined from the National Death Causes Registry and categorized by the International Statistical Classification of Diseases and Related Health Problems, Tenth revision, Australian Modification (ICD-10-AM) codes. Treatment recommendations on discharge and invasive treatments used in the first ACS episode have been collected from the Hospital Medical Records Database. Data on recurrent cardiovascular events and medical treatment used in the eight years following ACS, have been obtained from the "Sveidra" National Sickness Fund Database. Different medications have been combined by classes. An evidence-based treatment (EBT) algorithm used was created based on the guidelines from ESC experts' opinions. The EBT covered by ACE inhibitors or ARBs, BB, statins (used in any doses) and antiaggregants. In the study, use of single medications and EBT, and the impact of this treatment on cardiovascular mortality have been evaluated. Also, the treatment and its effect on cardiovascular mortality in subgroups has been estimated. Participants who were lost during follow-up were treated as censored observations.
Statistical analysis. The statistical analysis has been performed by the use of the Statistical Package for Social Science (SPSS) version 13 and Microsoft Office Excel 2013 statistical programs. Descriptive statistics were used for the continuous data analysis. Categorical data are summarized as frequencies and percentages, and the chi-square test was used for the data comparison. Logistic regression and Cox regression analysis have been used for the risk assessment. First, a univariate analysis has been performed and a few the most significant survival variables (age, the history of myocardial infarction, chronic obstructive pulmonary disease, peripheral artery disease, diabetes) were included in the model. The impact of different treatments on cardiovascular mortality was analyzed using the standardized odds and hazard ratios with 95% confidence interval (CI), considering a p level < 0.05 as significant.
Ethical Statement
The study was approved in 2013 by Lithuanian Bioethics Committee (No: BE-2-36) and Lithuanian National Data Protection Agency (No: 2R-279). All the patients have given their informed consent for participation in this study.
Results
The study involved 613 patients: male (395, 64.4%) and female (218, 35.6%), who experienced their first ACS and were treated in 2005. The median follow-up time in this study was 7.6 years. During follow-up 48.9% of the patients (n = 300) died, from CV or relevant reasons (207, 69%). All baseline participant characteristics are presented in Table 1 .
For monotherapy ACE inhibitors and BB, and for fixed dose combined drugs ACE inhibitors and diuretics were most frequently used. The 233 (39%) ACS survivors have been treated with PCI in the 8 year period after the first ACS episode. Treatment, according to ESC guidelines, covering combined use of ACE inhibitors or ARBs, BB, statins and clopidogrel in the 8 years follow-up from first ACS was used by 231 (37.8%) of all patients. The highest mortality rate per 100 years of observation was evaluated in patients on monotherapy, treated with ACE inhibitors (6.51/100 years of observation). In patients treated in monotherapy with new fixed dose combined ACE inhibitor and diuretic drugs, the mortality rate per 100 year of observation was higher, compared with those treated with another combined drugs (4.91/100 years of observation), and the lowest mortality rate was evaluated in patients used fixed dose ACE inhibitors and calcium (Ca) antagonists combinations.
In patients treated with PCI, the mortality rate per 100 years of observation reach 4.93. In EBT patients CV mortality was 3.8/100 years of observation. The highest impact on lowering CV mortality rate was evaluated in patients used fixed dose combination of ACE inhibitors and Ca antagonists (OR 0.045, CI 0.011-0.188, p < 0.001). Our study highlights that EBT use (OR 0.327, 95% CI 0.219-0.487, p < 0.001) in the eight year follow-up period were important in reducing CV mortality in ACS patients (Table 2) . y.o.-years old, PAD-periferal artery disease, COPD-chronic pulmonary disease, MImyocardial infarction, PCI-percutaneous coronary intervention, CABG-coronary artery bypass grafting, HR-heart rate, re-MI-repeated myocardial infarction, CVcardiovascular, b.min-beats per minute, *-total cholesterol > 5.2 mmol/L. In the subgroup analysis, we assessed treatment impact on CV mortality in groups of recurrent MI and PCI treatment during eight years follow-up after ACS. One hundred and twenty six (21.1%) patients experienced recurrent MI (re-MI) in the eight years following ACS, and 72 (57.1%) died. ACE inhibitors, BB, Ca antagonists, fixed dose combination of ACE inhibitors with Ca antagonists or diuretics, also ARBs with Ca antagonists or diuretics, as well as BB and diuretics, ivabradine and trimetazidine were used in the same rate in both the re-MI and non-re-MI groups, while re-MI patients were more frequently treated with ARBs (38.1% vs. 26.6%, p = 0.012), clopidogrel (81% vs. 47.4%, p < 0.001) and statins (76.2% vs. 59.3%, p = 0.001). Patients of the re-MI group had been prescribed EBT and PCI treatment (all p < 0.001) twice as often.
In the re-MI group only single use of fixed dose combination of ACE inhibitors and Ca antagonists, as well as statins and PCI significantly improved outcomes. For non-re-MI patients all used single drugs and PCI were associated with significantly reduced CV mortality (all p < 0.05). EBT recommended by guidelines used during the eight years of follow-up, was associated with significantly lower mortality rates in both groups, however this treatment used for 1 year period following ACS appeared as significant only for non-re-MI patients (OR 0.463, 95% CI 0.281-0.761, p = 0.002) ( Table 3) . Invasive treatment during follow-up was provided to 233 (39%) of ACS patients, and 96 (41.9%) of them died. ACE inhibitors, ARBs, Ca antagonists, fixed dose combination of ACE inhibitors with Ca antagonists or diuretics, and ARBs with Ca antagonists or diuretics, as well as BB and diuretics, ivabradine and trimetazidine were used in the same rate both in PCI and non-PCI groups. PCI group patients were prescribed more BB (p = 0.007), clopidogrel, statins and EBT (p < 0.001). In the PCI group the treatment with ARBs, statins and fixed dose combination with ACE inhibitors and Ca antagonists or ARBs and diuretics was associated with a significantly lower rate of CV mortality. For non-PCI patients who used single ARBs, BB, Ca antagonists, trimetazidine, and also fixed dose combinations of ACE inhibitors with Ca antagonists and diuretics, and ARBs and diuretics had a significant impact on CV mortality rate. The use of EBT during the eight years follow-up period was associated with strong CV mortality reduction in both groups with stronger evidence for PCI group (OR 0.307, 95% CI 0.172-0.548, p < 0.001) ( Table 4) .
A Cox proportional hazards model, standardized by a few significant factors was used to evaluate the use of ARBs, BB, statins, calcium antagonists, trimetazidine and fixed dose combined treatment with ACE inhibitors and calcium antagonists and ARBs and diuretics as significant for CV mortality, all p < 0.05. The use of EBT in the eight years following ACS was associated with significant decrease in CV mortality (HR 0.541, CI 0.394-0.742, p < 0.001). For the patients in the re-MI group according to the Cox model only the use of BB and EBT were significantly important in decreasing CV mortality. In non-re-MI patients, contrary to the logistic model ACE inhibitors and clopidogrel were not significant for CV mortality rate. In the PCI group Cox regression analysis showed a significant ACE inhibitors, BB, ARBs, statins, trimetazidine and fixed dose combination of ACE inhibitors and calcium antagonists effect on CV mortality (all p < 0.05). For the non-PCI group the results were the same as those of the logistic regression, except for fixed dose combined treatment with ACE inhibitors and calcium antagonists. Trimetazidine also appeared as not significant (Table 5) . 0.477 (0.257-0.884), 0.019 ACE inhibitors-angiotensin-converting enzyme inhibitors, ARBs-angiotensin II receptor blockers, BB-beta-blockers, Ca antagonists-calcium antagonists, EBT-use of evidence-based treatment according to the ESC guidelines, PCI-percutaneous coronary intervention, OR-odds ratio, CI-confidence interval, PCI group-percutaneous coronary intervention group, non-PCI group-non-percutaneous coronary intervention group. CI-confidence interval, re-MI group-repeated myocardial infarction group, non-re-MI group-non-repeated myocardial infarction group, PCI group-percutaneous coronary intervention group, non-PCI group-non-percutaneous coronary intervention group, --no data available. Numbers in bold-significant results.
Discussion
Principal results. 126 patients experienced recurrent MI in the eight years follow-up, invasive treatment was provided to 233 (39%) and 48.9% of the patients (n = 300) died, 207 (69%) of them from cardiovascular or relevant reasons. Treatment according to ESC guidelines in the eight years of follow-up from first ACS was used by 231 (37.8%) of all patients. Single use of ARBs, BB, statins, Ca antagonists, fixed dose combination of ACE inhibitors and Ca antagonists, and also ARBs and diuretics, and trimetazidine significantly reduce CV mortality in ACS patients during the eight years of follow-up. The study highlighted, that treatment with ACE inhibitors or Ca antagonists, ARBs, BB, and clopidogrel as single drug treatment was not significant for CV mortality in the re-MI group, however the combined use of these drugs significantly improved treatment outcomes. Our study highlights EBT use (OR 0.327, 95% CI 0.219-0.487, p < 0.001 or HR 0.541, CI 0.394-0.742, p < 0.001) and PCI treatment (OR 0.570, 95% CI 0.381-0.853, p = 0.006) in the eight years follow-up period were important in reducing CV mortality in ACS patients.
Interpretation of study results. According to available evidence, based on large clinical trials and meta-analysis, the EBT is beneficial for all patients following ACS. First of all our study highlighted insufficient use of EBT during follow-up. This is similar to some other studies which showed the EBT prescription level was only up to 58% in different countries [8] [9] [10] [11] . There are a lot of reasons for non-compliance, such as non-prescription, complications associated with drug use, out-of-pocket treatment costs and others [10, 12] . Secondly, in accordance to previous clinical trials, our study confirmed the benefits of combined drug therapy when used in ACS patients [2, 10, [12] [13] [14] [15] [16] [17] .
Thirdly, this study highlighted the effects of the provided treatment on CV mortality in different subgroups of patients who experienced recurrent MI or PCI in the eight year period after ACS. We found that some drugs used in re-MI patients were more frequently prescribed, such as ARBs and clopidogrel, while these drugs were not associated with improved CV mortality. In subgroup analysis fixed dose drugs combinations and combined use of EBT was also more beneficial than the same drugs used in monotherapy. The increased use of clopidogrel in re-MI patients is explainable by the dual antiaggregants therapy, proved to be beneficial following acute phase of MI, while increased use of ARBs can be explained by the novelty of these drugs in Lithuania in this period. Our study is in agreement to some other studies and confirms that re-MI and PCI patients were more frequently on EBT and it was beneficial for reducing CV mortality. Risk reduction in CV mortality can be up to 67%-75% [18] [19] [20] .
Strengths and limitations. The most important limitation of this study is its retrospective design which limits studying the reasons of treatment failure. Some previous studies have described possible associations to treatment failure, such as common comorbidities (asthma and rhythm and conduction disorders for BB use), occurring side-effects (allergy), and contraindications (renal failure for ACE inhibitors or ARB use), however patients and physicians non-compliance could be significant factors as well.
From other side, strength of our study was the possibility to trace all required end-points of each patient in different available databases using the unique Citizen's ID Number. The identity of each patient was confirmed using gender and birth date. This allowed us to use data mining tools and get most reliable data for the primary and secondary end-points in this study.
Possible implications to future practice. The study highlighted the high rate of CV mortality in ACS patients and clear evidence of the benefits from EBT use. The use of combined treatments has large benefits for recurrent MI patients and patients who have experienced PCI, so for these subgroups should be used more widely. Low rate of compliance to EBT should be further investigated and has to be improved in future practice.
Conclusions
In an eight year follow-up 48.9% of the study participants died, and 69% of these died from cardiovascular or related reasons. Some drugs used in monotherapy were not associated with lower CV mortality rates. The combined use of drugs, according to ESC guidelines, significantly improved treatment outcomes. The recurrent MI and PCI patients were more frequently treated according to ESC guidelines and this action was shown to be beneficial in reducing CV mortality.
